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ABSTRACT 

In Brperimertts 1 and 2 suhjects read a series of 
sta!>datd algebra story problems, and were asked to recall each 
problem. Ih l?xpes:jnlent 3, subjects' vere asked to construct prbblems 
based on certain situations (such as «train leaving stations**). 
Results indicated that •♦relational propositions" (such as "the rate 
in still water is; 12 mph more than the rate of the current") were 
more difficult to^.remember than "assignment propositions" (such as 
•♦the cost of candy is ST. 70 per pound"), problems with relationa; 
propositions were mu.ch harder to reproduce in coherent form than 
problems with assignment propositions, subjects were far more 14/kely 
to convert a relation into an assignment than vice versa, an< 
tR«kina up problems subjects tended to use assignment prop^erl^tions 
more than relational propositions at a ratio of 25 to l.^n addition, 
subiects ishowed a knowledae of problem schemas-by recalling relevant 
information mpch. better than irrelevant details, recalrling high 
frequency problem forms better than low frequency forms, converting 
problems from low to high frequency f orms^ and by constructing 
problems that matched .standard textbook forms. (Author) 
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Lgebra S.tory Problems 
Ab s tr^^?\^^__^ 

In Experiments l^and 2 subjects read a series of standard algebra story* prob- 
lems, and were asked to recall each problem. lt\ Experiment 3, subjecto were 
asked to construct problems based on, certain situations (such as "train 
leaving stations"). Results indicated that "relational propositions" (such • 
as "the rate in still water is 12 mph more thw the rate' of the current") 
were more difficult to remember than "assigmnent propositions" (such as 

• e 

"the cost of candy is $1.70 per pound); problems with relar:ional propositions 
were ipuch harder to reproduce in coherent form than problems with assignment 
propositions, subjects were far more likely to c'onvert. a relation into an 
assignment than i/lce versa, and in making up problems subjects tended to use 
assignment propositions more than relaMbnal propositions at a l^ratio of 25 to 1. 
In addition, subjects showed a knowledge of problem Vchemas by t^^ 
vant information much better than irrelevant details, recalling high frequency 
problem forms better than low frequency fo;r^>'^convert.ing problems from, low to* 
high frequency forms ^ and by constructihg probleins tha> matched standard 
textbook form^. 
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Rationale 



Algebra story ijroblems have eamefl a well deserved reputation as a 'threat 

* r 

to students' achievemetlt ±n secondary school mathematics courses. For example, 
a recent test of all 12th graders in California public schools revealed that 
more than half were unable to correctly solve, simple stojry problem^ such as 
the following, (California Assessment Program, 1979) : V 
An astronaut requires 2.2 pounds pf oxygen per day. while in space. ^ * , 



H6v^ many pounds of oxygen are needed .fqi^ 'a te^ of 3, astronauts for 



5 days in Space?s 

llqually troubling results have been, reported in national surveys of mathemat- 
ical problem solving in the U.S., such as the Assessment of Educational Progress 
(see Carpenter, Corbitt, -Kepner, Lindquist & Reyes, 1980). For example, only 

29% of ^a large national sample of 17 year old¥ were able to solve the following 

■ i- ■ « 

problem: . • . 

• ^ ■ - , - 

. Lemonade costs 95(? for one 56 ounce bottle-. • • ' 

At the school fair, Bob sold cups holding 8 ounces for 20c each. 

How much monoy did the school make on each bottle? 

Why' are algebra story problems 80 hard to solve? Why is it difficult to teach 

children how to solve such problems? In spite of yeari^ of training and practice 

iqf so3,ving story problems, why are simple story problems greeted with moans, 

fearful faces, and incorrect -answers? The answer to these questions would 

. ■ ' , ' ■ A' ' ■ ^ 

prov:*.de the basis for a psychological theory of human problem solving as well 

as a pedagogy of mathematical learning. The present p^er addresses one aspect 

of these questions, namely, which aspects of a problem are hard ta^remember? 



.Algebra Story Problems- 

■ .. V 3 ., ■ 

Translation vs. Solution ' - ^ 

A recent review (Mayer, in press, a) of cognitive science research in 

algebra problem solving (e.g. Bobrow, 1968; Clement, Lochhead & Soloway, Note 

1, Note 2|^ayes_&^imon, 1974; Hayes, Wate rman & Robinson, 1977; Heller_&l 

jGreeno, Ncte 3; Kinsley*, Hayes &.Simon, 1977; Paige & Simon, 1966; Riley & 

Greeho, Note 4; Ro"binson & Hayes, 1978) suggests that two processes are involved 

« . • ■ 

in solving 3tory problems: • " 

translation: understanding the problem, as manifested in translating the 

\. • 

^ words of the- problem into an internal representation in memory 

. • , ,^ . 

solution ;^ applying the legal rules of algebra and, arithmetic to this 

internal representation, in order to deduce the answer. 
Current work suggests that the major difficulty lies in the translation phase, 
although most instruction focuse.s on.the solution phase (Simon, .1980) . The 
remainder of this introduction summarizes evidence that translation is V • 

itiflu^nced by the structural properties of propositions in the problem,, and 
that translation is influenced by the learner's schema for tlie problem. Then, 
a series of studies are presented which assesses the difficulty of . representing 
various kinds of algebraic information" in memory. ' 

Translation influenced by propositional structure . In an"^rly study," 
Loftus & Suppes (1972): located "structural variables" that affect difficulty of 
story problems for sixth graders. For example, difficulty of a, problem was 
increased if a different type from the previous one, if it required many 

arithmetic operatiog^" and if the syntactic structure. of the sentences^ was / 
complex. It ^ems likely that translation is related to the specific structural 
properties of j^he relevant sentences, although this idea was not directly tested. 



Algebra Story Problems 

More recently j^Greeno and his colleagues (Heller & Greeno, Note 1; Riley* 

& Greeno, Note 2) have eixplicitly tested whether certain. kinds of propositions 

• . CP 

are-^ore difficult to translate than others. For example, primary school chil- 
dren wer^ quite profici^snt at repeating problems in which each sentence deals 
^with Qne variable, such as a "cause /change" story:, "Joe has 3 marbles. Then 
Tom gave Jiim 5 more marbles. How many does iJoe have now?" Ilowever, younger 
children made many errors when a sentence involved a relation between two 
variables such as ,a "compare" story: "Joe has 3 marbles. Tom has 5 more 
marbles than Joe. How many marbles does Tom have?" Typically, Hstudents wpuld 
repeat this problem as: "Joe has 3 marbles. Tom has 5 marbles. How many 
marlw.es dees Tom have?" Apparently; children had more difficulty in transla- 
ting sentences that involve relational information. This finding is consistent 
with^Loftus & SuppesV (1972) finding n:hat: the hardest problem in their set was 
one that .contained a relational -^proposition: "llary is twice as old as Betty 
was 2 ymi^s ago. Mary is 40 years old. How old is Betty?" 
# Similarly, Clement, tochhead & Soloway (Note 1, Note 2) have shown that 
difficulties in translating relation propositions are not limit-ed to primary 
sclft^ol children. College students were asked to' write ti^'iuations to represent" 



propositions such as:. "There are 6 times as many s^tudents as professors at 

this university. One- third of the students produced the wrong Equation, with 

the most typical error being, 6S « P. However, .when students were asked to 

, » , 

translate relational statements like this one intc a computer program, the 

error rate fell dramatically. Such results suggest v.hat people have difficulty 

in inter^preting what a relational proposition meana when, they must use a static 

format such as equations or simple sentence?.; 
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Translation Influenc ed by schemas . Paige & Simon (1966) presented "impos- 
sible" problems such as the following: 

. The number of quarters a man has is seven times the; number of dimes he 
has . The value of the dimes exceeds the value of the quarters by two 
dollars and fifty cents. How many has he of each coin? 
Some subjects translated the problem into equations; some recognized the 
inconsistency; and some changed the problem to say that the value of the 
quarters exceeds the value of the dimes by $2. 50, yielding the equation: lOx +' 
250 - 7(25x). Apparently, these latter approaches suggest that some subjects 
tried tG the fit the given -problem with their past knowledge about ^similar 
problems. . - ^ * 

More recently, Hinsley, Hayes & Simon (l'977) have found that Subjects were 
able to sortAtory problems into cpnsis tent categories such as "work", "motion" 
"distance-rate-time", "triangle", "current", etc. Based on' this ■research, 
Hinsley et*. al. detected ^18 basic categories for story problems, and suggested 
^that people have "schemas'' for each~i.e^, knowledge of the structure of each 
type of problem. When an ambiguous problem was presented to subjects, . half 
interpreted it as a "triangle problem" and half as a •"distance-rate-timk" 
proble|. 'The two groupsUocuse/on entirely dif f erent . inf brmation in \e ■ 
problem, and even mlsread| f act-4 in a way consistent with their categoriltion. 
' For example, a ."triangle" i|ub;ject misread* "four minutes" as "four iifiles",\ 
assumed this was a leg of jtlie triangle, and applied the^Vythago^ean theorl. " 
In other studies (Hayes, ?abrman^& Robinson. 1977; Robinson & Hayes, 1978)\. 
subjects were asked to jujige which_pa::ts of a problem wdre relevant; ^ubjec^ 
tended to decide; what category the problem was in and then to_make accurate \ 
judgments about which facts were relevant. Apparently, what is remembered from 
a story problem is Influenced by the subject's problem. 
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Stiui(f6ur'al Analysis of Story Problems 

*' , » 

^, A companion paper (Mayer,, in press, b) summarizes a recent survey, of exer- 
c;Lse problems in major algebra textbooks used, in Calif oTOia public schools.--Of 
the approximately 1200 problems cqllected*,' 25 general "fariiilies" of problems 
were located: motion^^..cai^ age, coin, work, part, dry mixture, wet mixture 
percent, ratio, unit cost, markup/discount/profi'ti" interest, direct variation, 
^i^T^rse variation, digit,, rectangle, circle, triangle, series, consecutive 
integer, physics, probability, arithmetic, and word. E^ch type of problem ha^ 
its own familiar plot line, but there was a major distinction between problems 
that required use of a formula (such as "distance = rate x time" in motion 
problems) and problems that did not (such as "arithmetic" or "part" problems). 
Also, for any inaj or .family of problems, there were many distinct 
formats (or "templates"). For exanq)le, there were 13 different templates for 

motion problems such as one vehicle overtaking another ("overtake"), two 

f * . ■ , ■ ■ 

vehicles converging on the same point ("closure") ,* speed change during a trfj) 

0 ■ . ' ■ _ ^ ■ ' w 

("speed change"), one vehicle making a round trip ("round trip"), etc. 

The- relevant information for iny given story problem could be-destribed 
as a list' of proposl^:ions, with each "template" having a unique list of prop- 
ositions. One interesting outcome ^of this analysis was that the relevant ' 
information in nearly all of the problems in /algebra textbooks could be 
describing using four basic types -of propositions: ' . 

(D^- ^fl^iTgnment proposition . This involves giving a single numerica^ . 
value for some variable. Examples include, "the cost of the candy is $1.70 
pet pound", "the time to fill one pipe is 6 hours", or^ '^total amounts invested' 
was $4000". — , V ^ 

(2) Relation proposition . This involves., giving a single numerical- rela- 



tionship between two' variables.' Examples include, "the length is 2 1/2 times 
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the width", "the area of one rectangle is 64 square inches leas than the area 
of a second rectangle", or "the rate in "still water is 12 mph more than the 
rate-in the durrent". ^ . . 

(3) Question proposition . This involves the question asked in the prob- 
lem, in which the goal is to find a single numerical value corresponding to a 
given variable.. Examples include, "how mudh time will it take to empty the 
tank?" ' or "how many miles will the first car have gone b^re it is passed?" , 

(A) Relevant fact . This involves' a fact which is nece'ssary. for the 
integrity of the problem. Examples include the *f act that "the same route 
wasrused" in a cdttip trip problem and or that the Ttank is full" in a pipes 
problem (see taitiie 1). . \ 

In addition, each problem contained .information that was not relevant to 
solving the problem* For example, in the fence prgbl^m, "Mr. Zecha", "chain 
fencing" and "lot" are not directly relevant; in the store problem, "candy" 
and "gift box" are' nor relevant (see Table 1).' 

^ 'Any. problem can be described as a template consisting of a list' o^ 
propositions, with each proposition giving the class of variable and- any 
numerical value. Tor example, the template for "rivet problem" In Table 1 
may be* represented as: * * 

-distance downstream = NUMBER ' . ^ 

distance upstream = NUMBER . ' 

time downstream = RELATION time upigtream . , * 

rate in still wa(feea^« -RELATION irate of current 

rate of current = FD© ' 
The first- two propositions are "assignments",- the next two are "relations" and 
the last • j is a "question"; 



Algebra gtory ProblenTa 

The present series of studies investigates how structural properties d£ 
'problems influence student's ability to remember story pi^oblems. If problems 
involving relational information are more difficult to translate (and hence 
more difficult to answer correctly), then subjepts should have more difficulty 
remembering relational propositions. In additfion, the present series of studies 
investigates how students' knowledge of problem types (i.e. "schemaa") influences 
their ability to remember problems. If schemas are used to 'translate* problems, 
then subjects should recall information that is relevant to schemas more easily 
than irrelevant information, and should tend to produce coherent, solvable 

problems. * . 

EXPERIMENTS 1 AND 2 ^ ' 

The goal of j Experiments 1 and 2 is to determine which types of information 

subjects remember from standard algebra story problems. First, previous research 

^. " . - /. • ' ♦ ' 

' • * ■ •^■■nV 

, suggests that structural properties of the propositions may influence translatioiv 

into 9<{^nternal representation. If^ "relational" propositions hinder translation 

one can predict that relation propositions will be more difficult; to remember 

than assignment propositions. Second, previous research ^suggests that subjects 

use schemas for translating problems into internal representations. If subjects 

^ ■ . 

use. schemas, one can predict that .information relevant to the problem will be . 
recalled better than information that is hot relevant to the problem, 

' Method ' ' 

■ ■ ; . ■ . ■ . r^- :'■ • ■ 

Subjects and Design ^ 

Experiments 1 and 2 usedyidentical designs. In each study there were ;2A : . 
uncdergraduates who were recruited from the Psychology Subject Pool at t^ie Univ- „ 
ersity of California,' Santa Barbara. Each .subject served iii one of. three 



11 
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treatment. groupa baaed on Activity during problem preaqntation -(sentence, 

/ / ' ■< ' ' 

equation, or picture)^ /Subjecta in Eacperiment 1 and' 2. received different aeta 

of problems (set 1 or set 2). ' 

Materials ' 

For each experimenjt, materials consisted of .a subject questionnaire, * three 

sets of instructions, a set of problem sheets, and 'a set of *cued recall^ .sheets. 
The subject questionnaire vas a one sheet typed ^et of- questions con^cern- 

iiig the subject's age, sex,, mathematics experience, SAT scores,^ and related^ 

matters.. * • » , • . ' ^ 

^ " . '. " • 

The three ^ets of instructions each consisjied of a two page^discription 

of the task, including an example. The sets aajced subjects to reyrite each 
problem as' a set -of sentences (sentence instructions) , as 'a set: of equations 
(equation instructions), or to draw a labeled picture or- diagram' (picture 
instruction). * . . 

The set of problem sheets^consisted of 8 half sheets o£ paper, with au 
^algebra story problem arid a title, typed onto each.. Problems were selected to 
be representative of the types of problems found in a^gebra_textb^oIcsT~"^^ 
problems used in Experiment 1 and^ the' pt:oblems.^uS^Bd"d.n Experiment »2 are listed, 



in Table 1; - 

\The cued rec^JJ^^tes^ 8 half sheets of paper with a title of a 

problem typed^nto each. The list of title cues for each prolyl em in Experiment 



1 and-^EScperiment 2 is given in Table ly 



Table 1 About Here 
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Procedure ^ 

Subjects were randomly assigned to treatmei t and were run in groups of one 
to three people per session. First, each subject filled out the subject 
questionnaire. Then, instructions for the experiment were administered, -and 
the problem par is were given. Subjects were told that they would have two 
minutes to study the algebra story problem. Their job was to rewrite the 
problem either into basic sentences, equations or a picture (depending on the - 
subject's treatment group). After two minutes, subjects were instructed^ go 
on to the next problem, and s<^ on for each of the eight problems. Then instruc- 
tions were read for the te^t, and the eight cued recall sheets were given. 
Subjects were told *hat they should try to write down the problem exactly as 
it was presented for each of the cued recall sheets. Subjects Responded to 
each recall sheet for two minutes, and were not allowed to go ahead or go back 
to previous sheets. After ^11 eight sheets had been. attempted, the subjects 
were debriefed, thanked and excused^. 

---^y Results 
* ■ "^^^"^--^ 

Spring ^^^^^^^ 

" ^ ''''"""""•■-^^ ' ' • 

For purposes of scoring the recall protocols, eaSh^^roblem was broken down 

into utiits.. As described in the introduction, there were four ty|)ea of informa- 
tion units 'that were used, to define each problem .(assignment, relation, que&tion, 
fact) as well as non-relevant information units. 

Each problem was then listed as a set of essential units and non-essential 
units. For example, ^for the airways problem the essenliial units were: number 
of hours at rate 1 « 2, increase in speed for rate 2 in mph « 30, length. of 
total trip in miles * 570, number of hours fo-r total trip » 3 1/2 hours, length 
of first 2 hours of trip in miles « FIND.* For the frame problem, the essential 
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units were: area of rectangle « 64 square inches less than area of rectangle 2, 
frame width « 2 inches, length of- rectangle 1 « 4 inches more than widthXof 
rectangle 1, length of rectangle 1 » FIND, width or rectangle 2 « FIND^ 

The performance of each subject on each problem was scored by recording 
which of the essential and non-essential units were present in. the repall 
protocols. If the unit was correctly recalled (i.e. the variable was stated 
and the values were correct) the subject received full credit for that unit; 
if the unit was structurally correct but the specific values were wrong «(e.g. 
"frame width > 4 inches" instead of "frame width - 2 inches") the subject was' 
given credit for having recalled the problem. Thus, the data for each subject 
consisted of numbers of assignment, relation, question, fact, and nonessential 
information units that were recalled, and the number of correctly recalled 
problems.^ . . 



The propo8iti6nal Structure Hypothesis 

This section explores whether the structure of propositions iii a problem 
influences the subjects' ability to recall the proposition. In particular, 
this section explores what could be called the "propositiorial. structure hypo- 
thesis"— the idea that assignment propositions are psychologically more basic 
than relational .propositions. For example, students may expecc story problems 
to take the form of a list of assignments of values tp variables. Thus, at 
encoding or comprehension, a relational proposition_will he more difficult to 
represent; similarly, at retrieval, if there are gaps in memory a student may 
lie more likely to reconstruct the information as an assignment than as a rela- 
tion. Infljeed, a^equency analysis of assignment and relation propositions* 
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in standard textbook problems shows that a8sigTimenr.s outnumber relations by 
as much as 12 to 1 (Mayer, in press, b)'. Similarly;', the previously cited 

research of Clement, Lochhead & Soloway (Note 1,/Note 2) demonstrates that 

/ 

students hfive an unusually difficult time in translating relational proposi- 
tions into equations; Greeno and his colleagues (Heller & Greeno, Note 3; 
Riley & Greeno, Note 4) also report 'that children often change relation propo- 
sitions to assignment propositions when they are asked to rBpeat a story 
problem- » 

Levels effect analysis . The propositional structure hypothesis predicts 
that there should be different retention rates for assignment and relation 
proposition^ In order to test this idea, the rei^entiotj rates for assignment 
and relation propositions as well as question proposition^, facts, details' and 
numbers was obtained for each subject for all problems. 

Table 2 shows the |>rOporti9n of^ recall failurefs by type of information 
for all of the problems used in EKperiment .1, and for all of the problems used^ 
in Experin^ent 2. Two analyses of variance were conducted on the error rate 
data for Experiment 1 and 2 with type of information as a factor; these 
analyses*^ yielded a significant difference' among error rates for ExperWent 1, 
F(4,92) » 11.37, p < .001, and for Experiments 2, F(4,92) « 30.93, p < .001. 
Taile 3 shows the proportion of recall failures by type of inf6rmation for 
each of the seven problems that contained both assignment and relation propo- 
sitions. As can be, (seen, there is a consistent? pattern in which relation 
propositions are remembered less well than assignment information. T-tests 
were "conducted comparing overall error rates on assignments and relations in 
Experiment 1 and in Experiment 2, yielding significant values, respectively,' 
of t(23) » 7.53, p <* .001 and t(23) « 2.35, >< .05. In addition, t-tests 
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wete conducted to compare the error rates for relation and assignment propo- 
sitions for each of the seven problems shown in Table 3, The values were: 
for river, t(23) « 1.91; for work, t(23) « 1.58; for fra,me, t(23) » 2.17; 
for freeway, t'(23) - 3.88; for TV, t(23) =1.24; for race, t(23) » 1.17; for 
fence, t(23) - 1.45; for total of all seven problems, t(23) «"3.91 (with 
t-values above 2.069 significant at .05). 



Tables 2 and 3 About Here 



The foreigoing analysis provides evidence that relation prop.osltions 

are more difficult to remember than assignment propositions. In order to 

provide further information on the structural features of story problems 

that are related to recgill dif f iculty-^, a multiple regression analysis was 

• * ■ ■ ■« 

performed. For each problem, the following infprmation v collected: 

number of assignment propositions, number of relation propositions, number of 
questio\i propositions, number of^xelevant__fa^^ average 
probability that the problem would be recalled in correct form. Correct form 
means that eacTi proposition is recalled although ^the^ecific numbers need not 
be correct; and that .the problem is coherent in the sense 'ttiat all essential 
information is presented. ' « 

In a preliminary multiple regression, probability of cbher^nt recall of 
the problem was the dejpendent variable while the independent variables were 
number ot assignments, relations,, unknowns, facts, and variabj.es. Only two 
variables produced significant improvement in the regression function—number 
of assignment -propositions and number of relation propositions^ Therefore, a 
second multiple regression, was conducted, using probability of coherent recall 
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of the problem as the dependent variable, with number of assignments and 
relations as the independent variables. The resulting function was: (prob- 
ability of correct recall of a problem) « 1,17 - .14 (number of assignment 
propositions) - .30 (number of relation propositions). Figure 1 gives the 
predicted 2.nd obtained performance -on remembering each of the 16 problems in 
Experiments 1 and 2. As can be seen, the correlation between predicted and 
obtained recall prot)ability was .942; thas, number of assignment propositions 
and number of relation propositions account for approximately 89% of the 
variance. These analyses indicate that relation propositions are weighted\ 
about twice as strongly as a|signmentij»ropositi!pns, suggesting that problerap 
with relation propositions are as hart^T^lxi^^^re^ problems with -twi^be-^aS^ 

many assignment propositions. 



Figure 1 About Here 



^ SL^ 

Error Analysis . The previous section has provided evidence for the pre- 
diction that relation propositions should generate tjuahtitatively more recall 
•errors than assignment errors. An additional prediction of the propositional 
structure hypothesis is that relation propositions should generate qualitatively 
different kinds of errors than assigment propositions. In particular, if assign 
ments are more psychologically basic than relations, one would predict that 
sula^^ts^ight convert relationjs 'into assignments in theirytecall protocols but 
that assignments would not be converted into relations. ^ 

This section provides an analysis "^of errors in order to determine whej^fer 
different types of errors were committed for- each type 'of proposition. For 
each^subject, each error in recall was. classified as one of the following: 



1 ^*f • 
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Otnls8lon Error : The proposition was not reproduced in the recall 

' . protocol for the probli^m. 

Specification^ Error ; The variable in the proposition was changed to a 
. ^ different variable""^ recall. For example, the 

proposition, "A river steamer travels 36 miles down- 
• Stream," may be recalled as, "A boat travels 36 raph 

' downi^tream." 



/ 



Conversion Error ; The term of the proposition was changed from a rela- 
. . tion to an assignment or from an assignment (or. 

question) to a relation. Fof example, the proposition, 
"The steamer's engines drive in still water at 12 mph 
more than the rate of the current," may be, recalled 

■ ■ ^ / . • . . ■ ^ ■ ^ . ,: ■/ r ■ 

as, "The speed of the boat in still water is 12 mph." 
The major 4.ssue addressed- in\ this section Concerns whether subjectg make 
qualitatively jdifferent errors in, recall 6f assignment vs. relation vs. question 
propositions. Figure Z gives the number of subjects (out of a total of 48 in 
Experiments 1 and 2) who ioimnitted' at least one omission, specification, and 
conversion error for each of three types of propositions. Tests for differences, 
based on the z-<Ii.stribution, and .05 sighi£ic\y^ce level, were conducted among^ 
the .proportion of subjects committing- each typt of error for each type' of 
proposition. For omissidn errors, there .were 'no significant differences among 
the proportion of , subjects committing errors on assigniDCint, relation or question 
propositions. For specification errors, subjects were significantly (p < .05) 
more likeiy to commit a specification error for a question proposition' than far 
a: relation pjroposition or ,f or an assignment proposition. For conversion errors,' 
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subjects were significantly (p < .05) more likely to chang? a relation proposi- 
tion to an assignment (n-18) than turn an assignment into a relation (n=»l) br 
turn a question into a relation (n«0) . . • 



Figure 2 About Here 



Figure 3 provides another way to examine the issue of qualitatively' differ 
ent kinds of errors in recall of different kinds of propositions Figure 3^ 
summarized the averag?^ number of ,<aach kind of error to' the total number of 
^rrors for each of three kinds of propositions. One-way Al^OVAs w^re conducted 
fori-Jfeach type of error to compare th^ weighted number of errors of tl^t type on 
assignmgat, relation and question prrpositions. As can be seen, omission 
errors represent a large but va.ryiag .proportion of errors for each type of— f 
prf^'position, F(2,46) » 3.81, p < .05. For spe<|if ication ef rors, there was a 
trend in which question and assignment propositions tended to generate a higher 
proportion of specif icat'ibn .errors than;relation propositions, F(2^<46) » 3*29, 
p < ,05. For conversion- errors; there was a striking pattern in which a sub- 
stantial proportion of errors wer^ conversioiis for relation propositions but 
hot for assignment or questionu.^rbp'ositions, F(2^^4^^^^^ p </.025. 



Figure .3'4bout Here 



. The most striking outcome gf this ^pnalysis of errors is th^t relation , 
propositions tend to be ponverted into assignment propositions in A substan- 
tial numbeif of cases. In , all, there were 2b-clear cut cases involving five . 
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different relation propositions in which subjects converted a relation propo- ' 
dition into an assignment, and only one case in yhich a subject converted an 
assignment into a relation. TabJLe 4 provides examples of the typical conver- 
sions that occurred in Experiments 1 and 2; These, c^versions are consistent 
with the idea that assignment propositions often represent a more comfortable 
way of. storing information than relations; for example, the assignment may be 
psychologically more basic than the relation. Hence e£ther^^at_tinia^ of en codings 
during storage, or at time- of retrieval, a relatiorf tends to become distorted^ 
into an assignment. — • ' 



/ 

Table 4 About Here 



Analysis of River Problem r The river problem is interesting because it 

•contains both assignment -and relation propositions. The rivar problem con/jists 

^ ' ' ' . ■ . 

of : the following relevant propositions: 

w , . . "A - , ■ ^ ■ ^ 

dis tailzie upstream « 36 milfes 

I- ■ ^ ■ , ■ ' --k " - 

distance downs traam^ 24 miles 

time upstream « SAME time downstream ^ 

: ■ . ... ■ / . . .. . ■ ^\ . . V^' - . ■ : • 

rate in still water « 12 + rate of current 
rate of currient -\ FIND • 
Tables 5 and '6 summarize the recall performance for these five propositions. 



Tables 5 and 6 About 'Here 



The first two propositions involve assignment of a value to the. distance 
variables. The error rate for these propositions is 50%. The most tyr'^wal 
'error, accounting for 92% of the errors, is to substitute a different kind of 
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assignmervt prHDpoaition, such- as: "The; boat travelled at 36mph upstream and 24 
mph down^ti^eam," Omission of an assignment proposition accounted for only 8^ 
of the errors. The next. two propositions, express quantitative relatl^ons between 
two variables,. The error rate for these propositions is 65%^ The major type 
of error ^r the ^hird prdposition is to omit it from the problem. The- major - 
type of error far the fourth proposition is to convert it ,to an assignment 
proposition such as, "The rate in still water is 12 mph". For the relation 
/propositions, omissions accounted for 62% of the errorvS, and cftanges to an 
assignment accounted\f or 38%**of the errors. The error rate for the question 
proposition (the fifth, proposition above) is 21%, wifh the major type of 
error being omission* Apparently, subjects are able to remember that two 
assignment statements are part of the problem, however a substantial portion 
of subjects .forget which variable Is being assigned^ ^The third proposition, a 
relation, seems to -he frequently omitted,' perhaps because no obvious numerical 
value is dnvolviad. The fourth proposition involves an obvious numerical value,- 
but is of ten remembered as' an assignmetit. Apparently subjects "expect" numbers 
to be assigned to certain variables, such as m.p.^fe. , and have dif f i^ulty ,whe;n 
t)t her Winds of. information are preseuted. . It is as 'if , they have no "slotV 
to put relational information so they must either lgnore.it or conyert it to^ 
assignment. " 



The * Schema Hypothesis * . - ' "1^*% 

,The foregoing sections provided evidence tl£t the propositiondl structure of 
statements In a problem influence its. recallabillty. .This section investigates 
another factor that may influence recallability, n^ely, how closely a problem . 
matches prptotypical story problems. Previously cited^ research by Kinsley^ 
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Hayes & Simon (1977) and Greeno & Riley (Note 3) and Greeno & Heller (Note 4) 
suggedtt that students are able to recognize different problem types and that 
some types are much more difficult to remember than others.- In order to 
derive a more extensive listing of typical problems, Mayer (iij Vress.b)' tallied 
th^ frequency. of over 100 types of problems found in standard algebra textbooks. 

Ihis section explores whether students' knowledge of typical'problem forms 
is related to recall performance. In particular, this section investigates" 
what could be called the "schema hypothesis"— the ddea that students possess 
'deiltain schematic representation* for typical problem forms, and that these 
schematic representations influence comprehension and retrieval. In compre- 
hension and learning, a Schema for a problem can be ^sed to determine which 
info/mation is relevant and to build the propositional form of each piece of 
information. In retrieval, a .schema for a problem can again determine the 
expected relevant Information—pethaps , f illing in gaips 'that cannot be remembered 
—as well as suggesting the propositional structure of remembered information. 
For the current discussion, a schema for. a. story problem can be represented as 
the list of propositions (assignments, relations, questions) consisting- of a' 
Slot for the type of variable (such as rate or distance or number of units), ■ 
a slot for specific numbers, and slots for' specif ic relations'. Thus, the- . 
propositional analysis performed in p,revious sections provide a representation 
framework for describing each type of story problem. A type consists of ^all 
problems that possess the same fqnii of propositions, and same general -story line. 

Levels effect analysis. A straightforward way to test the schema hypothe-. 
sis is to consider fhe retention rates" for information' that, is relevant and. 
irrelevant to the problem, tf'students were "not aware of problem forms (i.e. ' 
schemata) they would treat relevant and "irrelevant information in equivalent 
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ways. However, if students are aware of problem forms during encoding and 
retrieval, they should focus preferentially on information that is relevant to 
the problem schema. • ^ 

In order to test this idea, average^ error rates for recalling relevant" 
information (i.e. assignment, relation, question propositions) was compared 
to recall of irrelevant information (details)^ Recall of a proposition requires 
recall of variable (such as "miles per hoiir", or "number of minutes", or "cost 

■ ■ ■ ■! ■ ■■ ■ : ■ ' 

per pound" etc.) as well as the correct relations, while recall of a detail 
requires only recall of a specific variable that i^ irrelevant (such as the 
name of a character, the type of vehicle, etc.). As can be seen in Table 2, 
there is a clear pattern in which error rates are much higher for irrelevant* 
than relevatit information. A t-test comparing overall error rates for . thei' 
two- kinds of . information revealed a ;'strbng significant in Experiment l, t (23) 
» 11.09, p < .001, a nonsignif4.cant effec in Experiment 2, 't(23) « 1.23, n.s. . . 
and a significant effect for Experiment 1 and 2 combined, t(47)-^ 5.87, p < .001. 
Thus^ as predicted*,' subjects*. tend to recall relevant information better than 
irrelevant , information. 

Frequency analysis . One way to test the schema hypothesis is to examine 
the relationship between, probability that a problem is correctly recalled and - 

,the frequency with which thatv problem appears in standard algebra textbooks. 

*«*■•. ^ ' 

According to the schema hypothesis, recall should be better for problems that 

^re more typical.. In order to test this idea, frequenc|[ values were obtained 

■ ■ ' ' ^ ' ■ ' ' ' \ . ? f" 

for each of the 16 problems in Experiments 1 and 2, u&ing^f requericy data col- 

' ' ' ' ■. - ' — ' ■ / . . ' 

.lected by Mayer (in press,b). The 16 problems were rank ordered based on their 

frequency of occurrence; Table 1 gives the rank* orders. In addition, for each 

problem, the proportion of subjects (out of 24) who correctly remembered the 

problem was taken from the previous analyses, and thes^ were rank ordered. 



. Algebra Story Problems 

.21 • 

Figure 4a shows the relationship between frequency rank and recall rank 
for the 16 problems, with each dot in the figure corresponding to one problem. 
As can be seen, there is a trend in which recall performance increases as the 
typicality of th^ problem increase?. A correlation yielded a value of r - .66, 
suggesting a moderately strong relation in which frequency rank was able to 
account for approximately 44& of the variance in recall among problems. 



< Figures 4a and 4b About Here 

A 



The strength of the relationship shown in Fi^gure .4a may be hindered somewhat 
by, the fact that the -16 problems used in Experiments 1 and '2 involved many 
different "families" of problemsTT" Mayer (in press, b) defined a" family as ' 
problems that share a certain basic underlying formula^-'^'^r example, seven of 
the problems used in the experiments involves the formula, tota^ » amoUnt x 
rata. -These iiiclude motion problems such as freeway, camp trip, race, and 
airways; current .problems such as river; and work problems such as pipes and 
work* In brcfer to invest igajte the relation between frequency and recall within 
a; single "family" of problems, an additional analysis was performed. Based' on 
observed frequencies, of occurrency in algebra textbooks (Mayer; tyi press, b) the 
seven proble«fe were rank ordered from 1 to 7. Similarly, the problems were 
rank ordered based, on their recall probabilities. ' ! 

/ Figure 4b shpws the recall rank as a function of frequency rank with each dot 
corresponding tp one problem. As can be seen there is a trend in H^hich the 
more frequent a problem is, the easier ^ it is to recall. For example, the . ' 
pipe problem and race problem, with respective frecjuencies of 49 and 23, are 
the most frequent and-also the most easily remiembered; similarly, the river. 
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freeway, ^and work problems are the least, frequent with respective frequencies 
of 0, 4 and'O, and are also the most difficult to recall. A correlation 
between frequency rank and recall correctness rank yielded a value of r » .85, - 
suggesting that within a family frequency can account for 72% of the variance 
among problems . » . * — ' • . , 

Error analysis > Another, way to test the schema hypothesis is to investigate 
the types of errors that were committed. According to the schema hypothesis, 
conversions of propositions should be morQ likely to change a low frequency 
problem into a higher frequency problem than victe versa. In order to test 
this idea, norms W(er6 used that provided a listing of over lOOL^^robJ^em forms 
and their observed frequencV out of approximately 1200 problems in algebra 
textbooks (Mayer, in press, b). These norms were used to classify each of the 
21 cases of conversion observed in Experiments 1 and 2, -^.- 
" Using the independently established frequency norms,* it was found that for 

■'■ . ■'■ ' - " 

the 10 cases of conversion in the river problem, the given problem was an 

' ■. 
"Equal Time 2" problem with ah observed frequency of 0, while the convert 

version of the problem was an "Equal Time 1" problem with an observed fre- 
quency of 9. Similarly,- the two cases of conversion in th^ freeway problem 
changed the given problem from a "Closure 2" problem (obseirved frequency = 4) 
to a "Cldsure IR problem (observed frequency = 12). . The 5 cases of conversion^^^^;^ 
in the frame problem changed it from a "Frame. Relative 3" . (observed frequency = 
0) to either a /'FramI Relative 1" (observed frequency =» 5) or to a "Frame 1" - tffll 
(observed frequency « li)-.-The 3 cases of conversion involving the race pr^Sbrem 
could not^be analysed becatxse the. norms, included both the given and the (jonvertedjfiii . 
versiqns of the problem under the "oyertake" Category; ^similarly, the one case A' 
of conversion of an assignment into a relation in the 'freeway problem could not 
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> be agtlyaed because t\\H norms included both the given and. the converted version 
under the "Closure 2" heading. Thus, of the 21 cases of conversion, 17 changed 
the problem from a low frequency version into a higher frequency version, and 4 
.^conversions could not be analyzed using the existing norms^. A binomial test 
revealed that this pattern wars significant beyond p < .05.', 1, Thus, there is 
consistent support for the idea that when -subjects convert problems, they' tend 
" to distort thef'problem towards mor-e typical versions. 

• ■> EXPERIMENT 3 ' 

,The goal of-lbcperimerit 3 vas to determine which . types of\ itiforination 

subjects -use in constructing standard algebra story problem&,^,^ne-^an -predict 

• ' : ' ■ ' . ' ' ' ■ / • 

that the e£oblems will be' solvable, coherent andymatch basic types of problems 

found 'in textbooks. If subjects have trouble working with relational proposi- 
tions, one can predict that coastructed problems ^will contain very few relation 
'prot>o8itioris » : v ' * • " ^ ^ ' - ■ ' 

■ , . _ • • ■ . « 

" } . ^ Method • 

Subjects and"^ Design \ ; 

The subjects were 36 subjects recruited from the same population as in* 
Experiments 1 and 2. All ^subjects received the same treatment. ' , ■ 
Materials ^ - ^ ^ , 

The materials included the; ^subject questionnaire from Experiments 1 and .2, 
16 cued problem sheets based on the 16 problems used in Experiments 1 and^?. 
and an instruction sheet .^»le 16 cued problem sheets were each 8'!-^ x 5! ,itiv , 
and contained two or three .basic keywords from each of the 16 problenis •us;fed 

. V" . . • \ " ■ • " ^ 

in Experiments.! 'and.,2. Table 7 lists the keywords 'given fo^^j^g^ 




lem" sheet. ^ The instruction sheet consisted of a paragraph' that a^lc^ subjects 
to make up typical algebra story problems irsing jthe words on each -of the 16 
problem sheets. - > 
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Table 7 About Here 



Procedure 

As in Experiments 1 and 2, subjects were run in groups of one to three 
people per session. First,' subjects filled out the questionnaire and then 
instructions for the experiment were given. Subjects were told they would be - 
given a sheet with some words from an algebra story problem printed on it and 
their job was to make up a typical story problem using those words. ^ ' 
Subjects were told to try %o make common problems that they would expect to 
see in a typical algebra textbook. Aftfer two minutes on the first sheet, 
subjects were instructed to go on to the next sheet and so on* The order of ^ 
the sheets was randomized for each subject. After spending 2 minutes on each 
of the V 16 sheets, subjects were thanked and excused. 

^ ^ Riesiiits 

Scoring 

^ The answe*: to each problem "sheet for each subject was scored as in Experi- 
ments 1 and 2. * 

Fot each subject on each problem, a list of propositions was generated, 
including assignment, relation, and questiod. Also, for each subject on each 
problem, the problem was clar^sif ied by 'type according to independently estab- 
lished norms (Mayer, in: press, b ). 
The Prepositional Structure Hypothesis ' ' 

The prepositional structure hypothesis- states that assignments are psycholo- 
gically more basic than relations. In order .to test this idea, the number of 
assignment, relation, and question propositions was tallied for all 16 proto- 
cols for each subject. Figure 5 summarizes the results."~~~~Afr-^4n 'be seen, the 
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average "made-up'^ story problem consisted of approximately 4 propositions, 
conta inin g about 3 assignments and one question. Relation propositions were 
very rare, accoimting for less than 3% of the propositions produced, 

• The problems used in Experiments 1 and 2 contained approximately 51% assign 
ments, 192 relations, and 30% questions; a sample of problems from standard 
algebra textbooks (Mayer, in. press) contained 61% assignments, 11% relations, 
and 28% questions. T- tests revealed that the proportion of relative proposi- 
tions produced in Experiment 3 was significantly less than the 19% rate for 
Experiments 1 and 2 or the 11% rate for standard textbook problems, t(26) = 
13,60, p < ,001, and t(26) » 27.19, p < ..001, respectively. Thus, there is 
evidence that subjects favor story problems that do not contain relation 
propositions. 



Figure 5 About Here 



The Schema Hypothesis ' 

The schema hypothesis states that subjects have a '/knowledge of typical proh- 
lem forms, and they use these in comprehension and recalL^of story problems. 
If subjects possess schemas for story problems, they should be able to generate 
coherent problems in Experiment 3— problems that correspond to the typical 
problem types found in algebra textbooks. 

In order to test this idea, ^ each, problem produced by each subject was 
labeled ss either invalid or as one of the basic forms found in an independent 
analysis of textbooks (Mayer, in press, b). Then, the protocols were grouped 
into one of the following categories: - ' 
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simple story — a story problem from the target family, that involves 

. giving values for two variables and- asking for a third un- 

—-known- variable. . For "example, for any of the motion problems 

or current probleins, the family formula is, distance «■ rate 
X time, and a simple story might be: "One T)oat travels 25 
miles in 5 hours. What is its speed?" 
comple x, story — a story problem from the target family that involves ^ 

a more complex situation than plugging into a three variable 
formula. For example, for any of the problems -that contained 
cues for a motion problem, the generated problem might be an 
overtake problem or a round trip problem, etc. 

* * 

o ther story — a story problem from a different family than that cued. 

For example, if the cues called for a motion problem, the 
problem generated might be a simple rectangle problem, 
a problem that does not require any xinderlying formula, 
but rather involves simple addition or^ubtractioh. For 
example, cues for a motion problem might generate: "One« 
car traveled 50 miles in the morning and 150 miles in the 
afternoon. How far did it go altogether?" ^ 
a problem that does not require any underlying formula, 
but rather involves a situation in which some amount is broken 
into two parts. ' For example, "The total trip took 3 hours. 
The first part took twice as long as the second part. How 
long was the first part?" 

a protocol t^iat contained* an incoherent problem. The 

most typical invalid problem lacked a question. 

V 



arithmetic — 



-J 



part" ^ 



invalid— 
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Figure 6 shows the proportion of constructed problems falling into each 
category. As can be seen, over 75% of the constructed problems were coherent 

problems that matched forms typically found in algebra" textbooks. A third of 

*, 

the constructed problems were so simple that they did not require an under- 
lying formula — i.e., the arithmetic and part problems. These are very common 
in primary school mathematics and probably represent a student's first exposure 
to "algebra problems". When problems involving a formula were generated they 
often involved only^ the most simple form — simple story — or a simple form of 
another kind of problem—other story.' Only 20% .of the constructed problems ' 
were (^pmplex stpty pro^. .ems; of these, almost all were instances of the most 
frequently observed problems in algebra textbooks (Mayer, in press).. Thus, 
Figure 6 suggests that subjects possess some ve^ basic schemas for story 
problems— mainly arithmetic and part problems, and simple formula problems*. 
Evidence of knowledge of more complex (and less frequent) schemas was less 
evident. . ^ . 

" \ . Figure 6 About Here 



, . GENER/arDtS€USSiaN_ 
The present^ studies provide additional information concerning^ students' 
memory processing of algebra story problems. In particular, these ^"tudies 
provided additional evidence concerning the^ "propositional structure hypothesis" 
►and. the "schema hypothesis". ' . 

Proposition Structure Hypothesis 

/fhese studies tend to confirm the results of previous investigations with 
chi/dren (Heller & Gre^no, Note 3; Riley & Greeno, Note A$ and college stu- 
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dents (Clemdnt, Lochhead & Sploway.HWte 1, Note 2) that relational informa- 
tion is • difficult to remember and translate. The present experiments provided 
several tests of the idea that assignment information is more paychol^gically 
basic than relational information, i.e., that people are more prepared to 
deal, with inf ormation stated as an assignment than as a relation: -(1) In 
Experiments 1 afad 2, recall of relational propositions was substially lower 
than recall of assignment propositions, with the error rate relation being 
about twice the error rate for assignments. (2) In Experiments 1 and 2,.- 
relation propositions contributed to difficulty of recall at about double the 
weight of assignment propositions.. (3) ' In Experiments 1 and 2 subjects were 
far more lilcely to convert a relation proposition into an assignment than an 
assignment into a relation. (4) In Experiment 3, when asked to make-up ^ 

• * I '.■ I '**«.<■ ■■ 

problems, subjects include almost no* relation propositions, with assignments- 
outnumbering relations by a ratio of approximately 25 to 1. 

Apparently, relational infotmation is more difficult to mentally represent 
than other kinds of relevant information in a story. In a sense, relational 

propositions are the "weak link" in the^ subject's attempt to, move f rcim a. 

c 

story to an internal representation. An implication of this finding is that 
special 4£tention should be paid to teaching children how to translate among 
relational propositions (in English), .relational equations, and concrete 
manipulatives or pictures. Clement et. al. (Note 1, Note 2) have suggested 
that experience with computer language might be useful in teaching these 
translation techniques; 

Schema Hypothesis • ' ' 

» These studies also support the idea suggested by Hinsley, Hayes & Simon 

(1977) that subjects recognize < and use problem categories in processing story 
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problems. In addition, these studies tend to extend previous results (Heller 
& Greeno, Note 3; Riley & Greeno, Note 4) that some schemas are more basic 
thail others. The present experiments allowed for several major tests hf 
the idea that subjects possess knowledge of problem schemas: (1) In' E:q)eriments 
l^and 2, recall of rjelevant information was much better than recall of informa- 
tion not relevant to story line. (2) In Experiments 1 and 2, problems that 
were^ in a form that is commonly observed in algebra textbooks were easier to 
correctly recall than problems that consisted of infrequent forms. (3) In 
Experiments 1 and 2, subjects rarely changed the categoiry ^format of the problem 
when problems were* converted, they tended to be changed from a low frequency 
form to a higher frequency form. (4) When subjects were asked to make-up 
problems, more than"75% of the constructed problems were coherent problems, 
and most were equivalent to very simple,, high frequency forms. 

App4r6ntly, students possess some very basic schemas for story problems. 
The results suggest that subjects are ajjept at learning the basic problem 

"categories" in algebra story problems. However, a difficulty may arise when I 

^ ■. • _ ■- . 4 ■ . , • ■ ■ ? 

Students are given prpblems for which they have no schema. Ah implication of / 

■ ■ ■ ■ - ■■ • ^ ■■ ' ' ' ■ " . ■ • / 

these findings is that explicit training in the more complex problem types, \ 

including naming of each major type, may enhance problem solving v performance./ 

In particular, studentsimay need practice in determining which, ptoblems are / 

of the same form and which are not. This training seems most important for \ , 

copplex story problems — problems that go beyond simple use of a three term / 

•Jjaquation or simple arithmetic and part problems. Further research is warreijited 

':^-t ■ . - . . . ■ \ ■ ' \ ' ' 

i^tq determine whether such training affects pijoblem .solving performance. 

Ih; addition, these studies- suggest that' certain problem forms are m 
salient than others • (1) In Experiments 1 and 2, short problems with po 
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relational propositions were the easiest to reproduce • ' For example, the 
.pipes, race, and will problems were easiest to remember in correct form,, Much 
more difficulty was encountered in rememberJig longer problems with relational 
propositions such as the age and river problems, (2) Similarly, in Experiment 
3 J subjects tended to construct problems that did not require a formula (such 
as arithmetic or part problems) or problems that used a formula in a very simple 
way. For example, a simple formula story problem involves a three variable 
equation (such as distance - rat^ x time), and presents assignments for two 
var:^,ables, ind a question for the third. Apparently, the more complex versions 
of each problem category are less readily access'able. * " . 

There appears to be a hierarchy of development of problem schemas in which 
non-formula and simple-formula; schemas 'are learned before more complex story 
formats. Further research is warranted to determine the spe<^ic ordering of 
difficulties, of standard problem types. One implication of such work concerns 
the sequencing- of problems in the course of instruction. 
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Footnote 



Xjiis research was supported by Grafts NIE-G-78-0162 and NIE-6-80-0118 from the 
National Institute of Education, Program in Teaching and Learning* Requests 
fo^ reprints should be sent to: Richard Mayer, Department of Psychology, 
University of California, Santa Barbara, CA 93106 ' 

1 ^ ' -■■ ' ' ^ ' ^ ' ^ • • ' 

Since there were no effects or iuteractions due to the between subjects mani- 



pulation, this factor was not included -in any subse^uent^nalyses. 
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Figure Captions • 
Figure 1. Predicted and Obtained Probability of Problems Being Recalled in 
Correct Form — ExperJjnenta 1 and 2 

Not3. - Each dot corresponds to one problem. Standard error is 
Percentage of explained variance is 88.7%.. "A" refers to the niimber 
of assignment propositions in the problem; "R" refers to the number 
of relation propositions in the problem. 
Figure 2. Number of Subjects Who Committed* Omission, Specification, and Conversion 
Errors For Each Type of Proposition— Experiments 1 and 2 ' . 

_ ; ' Note* - Numbers indicate how ^ny subjects out of a total of 48 committed 
at least one error. "A" refers to assignment proposition, "R" refers to 
relation proposition, "Q" referd to question proposition. Asterisk (*) 
after 24 indicates significantly more subjects made specif ic^ation errors 
for questions than for other kinds of propositions; asterisk (*) after 
18 indicates significantly more subjects committed conversion errors for 
...relation propositions than for other kinds of . propositions. . 
Figure 3. Proportion of Omission, Specification, and Conversion Errors to Total 
Errpr for Recall of Each -Type of Proposition— Experiments 1 and 2'' 
Note.* -.Numbers in parentheses indicate total number of errors observed 
for each typi^ of proposition. The total niimbe?: of to-be-recalled 
propositions was 984 for assignments, . 360 for relations, r^^nd 552^ for 
. questions. ^ 
Figure 4. Relatio/fielEween Frequency Rank and Recall Rank 'for all 16 Problems 

• . and for 7 Selected Problems— Exiperiments 1 and 2 . ^ ' 
Note. - Each dot corresponds to one Iproblem. 
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Figure 5. Average Number of Propositions Constructed per Problem by Type of 
Proposition-'-Experiment 3 ' ' • , ' ' 

Note. ;'- 95% confic^ence interval is indicated around ± symbols 

■ . . -.1 \ f ■ • ■ 

Figure 6. Proportion of Constructed Problems by Format of Problem — Experiment 3' 
Note. - 95% confidence 'interval is indicatecl. around ± symbol. 
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Title (Recall Rank) 
Age (1) 

River (2) 



Freeway (3) 



Frame (5) 
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Table 1 

Algebra Story Problems Used In Experiments 1 and 2 

r 

Experiment 1 - 



Camp Trip (8. 




Problem 



Laura is 3 times as old as Maria was when Laura was as old as Maria i.8 now. In 2 years 
Laura will be twice as old as Maria was 2 y^ars ago. Find their present ages. 
A river steamer travels 36 miles downstream in the same time that It travels 24 miles 
upstream. The steamer's engine drives In still water at a rate of 12 miles per hour 
more than the rate of the current. Find the rate of the current. 

A truck leaves Los Angeles en route to San Francisco at 1 p.m. A second truck leaves 
San Francisco at 2 p.m. en route to Los Angeles going along the same route. Assume the 
two cities are 465 miles apart and that the trucks meet at 6 p^m. If the second truck 
travels at 15mph faster than the first truck, how fast does each truck go? 
The area occupied by an unf ramed rectangular picture is 64 square Inches less than the 
area occupied by the picture mounted in a frame 2 inches wide. What are the dimensions 
of the picture if it is 4 inches longer than It is wide? 

Some members of the Rocky Mountain Outing Club hiked to an overnight campejite at the 
rate of 3 miles per hour. The following morning they returned on horseback over the 
sanse routed at 10 miles per hour. The total time spent in going and returning was 6 1/2 
hours. Find the distance to the campsite. 



Table 1 (continued) 
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Experiment 1 



Title (Recall Rank) 



Mixture (11.5) 



Will (14.5) 



1 



Title (Recall Rank) 
TV (4) 



Store (6) 
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Problem 



One vegetable oil containes 6% sati^rated fats and a second contains 26% saturated 
fats. In making a salad dressing how many ounces of the second may be added to 10 
ounces of the first iff order to make 16% saturated fats? 

In his will a man left his wife $20,000 and his son $12,000. Upon his death, his 
estate amounted to only $16,400. If the court divides the estate in the ratio of 
the bequests in the will, what should each receive? — 

Experiment 2 

Problem * ' 

■ ■ ■ ■ r - ' : f ■ ■ ' ■ 

J 

The entertainment portion of a 30-minute TV program lasted 4 minutes longer than 
4 times the portion devoted to advertising. How many minutes were devoted to 
advertising? 

One brand of candy costs $1.70 per pound* Another costs $1.50 per pound. The two 
brands are to be mixed to form one 5-pound gift box that will cost $8.10. How 
many pounds of each should be included? 

MO 



Algebra Story Problems 

39. 



Table 1 (continued) 



Experiment 2 



s 



Title (Recall Rank) 
Coins (8.5) 



Investment (8.5) 



Airways (11.5) 



Race (13) 

/ 



Pipes (14,5) 



Problem 



On a ferry trip, the fare for each adult was 50<: and for each child was 25?. The 
nui^er of passengers was 30 and the total paid was $12.25, How many adults and 
children were there? ^ 

Mr. Brown invested a total of $4000. On part of this he earned 4%.' On 'the ^ 
remainder he lost 3%. Combining his earnings and losses, he found his annudl 
income to be. $55. How much did he^have invested at each rate? 
After an airplane had been flying for 2 hours, a qhange in wind increased the 
plane's ground speed by' 30 miles per hour. If the entire trlr of 570 miles took 
3 1/2 hotirs, how |1&r did the plane go the first two hours? 

In a sports car race, a Panther starts the course at 9jOO a«m* and averages 75 
miles per hour. A Mallotti starts 4 minutes later and averages 85 miles per hour. 
How many miles will the first car have tlriven when it is passed? 
One pipe can fill a ti^nk in 6 hours while another can empty it in two hours. How 
long will it take to empty the full tank If both pipes are open at once? 
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Table 1 (continued) 



Title (Recall Rank) 
Fence (16) 



Experiment 2 



Problem 



Mr. Zecha haa just fenced his rectangular lot using 350 feet of chain fencing. 
If the length is 2 1/2 times the width, find the area of the lot. ^ V( 



Note. '^ •Recall rankings ere based on a scale of 1 to 16 with 1 Indicating that the fewest number of 
subjects were able to correctly recall the problem and 16 indicating that the most subjects 
were ghle to correctly recall the problem. 
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Table 2 



Proportion Incorrect Recall by Type of Information 



Exp. 1 
Exp. 2 



Assignment 
Proposition 

.14 

.04 

.09 



Relation 
Proposition 

.35 



.29 



Question 
Proposition 

.40' 
.30 



Relevant Details 
Fact 



.40 
.43 
.41 



.36 
.50 
.42 



\ 
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I Table. 3 

• ^rror Rates for Seven Key Problems by Type of Proposition 

- ^ Type of Proposition 

Problem Assignment Relation Question * 





River (Exp. 1) 


.48 


.65 


.62 


Work (Exp. 1.) 


.25 


.38 


.46 


Frame (Exp. 1) 


.13 


.24 


.73, 


Freeway (Exp. 1) 


.12 


.30 


,52 ■ 


TV (Exp. 2) 


.08 


.17 


.08 


Race (Exp. 2) 


.04 


.13 


.33 


Fence (Exp. 2) 


,00 • 


.08 


.25 


< 

Overall Error Rates 


.16 


.28 


.43 



Note. - The seven problems listed above each consist of relation, assignment, and 
question propositions. The other nine problems contain no relation 
propositions. ^^i — 
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Table 4 

Examples of Converting a Relational Proposition to an Assignment Proposition 



Number of 
subects who 
Problem changed 



River 



Frame 



Race 



50 



Frame 



10 cases 



4 cases 



3 cases 



Freeway 2 cases 



1 case 



Relational Proposition 
from Problem . 

"The steamer's engine drives in still 
water at a rate of 12 miles per hour 
more than the rate of the current." 

"The area occupied by an unframed 
rectangular picture is 64 square 
inches less than the area occup^ied 
by the picture mounted in a frame..." 



Assignment Proposition 
from Recall Protocol 

"Assume it goes 12mph by motor alone (with no current 
"In smooth water the engine causM it«,to move 12mph." 
"Its engines push the boat 12mph in still water." 
• ■ ■ ■ ' • 

"A picture has an area of 64 inches.^' • 
"If an unframed rectangular picture is 64 sq.Mn. .." 
"The area of an unframed picture is 64 inches." 



"A Mailotti starts 4 minutes later. . ." "M left at 9:04;. i." 

"Morittilet.. . starts at 9:04." 



"Jf the second truck traveid 15 mjph 
faster than the fiirst truck..." 

"•••if it is A inches longer than 
It is wide?" 



"A m: 



leaves at 9:04." 



"apd the*^other is^gding 15 mph..." 
"another leaves. ..going 15 mph..." 

"•••if It Is 2 Inches wide and 4 inches long. 



51 



^te. - There were 20 cases in which subjects converted a relational proposition into an assignment 

proposition and 1 case in which a subject converted an assignment into a relational proposition. 
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table 5 ^ 
Proportion of Repsponse by Type of &rror for Five Propositions in Rivef Problem 

r 

. Prop. 1 Profi.^2 Prop. 3 Prop. 4 " Prop/ 5 

Correct Assignment - Same Variable .50* .50* - .41 - - 

(1. distance upstream « 36 miles) 



Modified Assignment - Dif f erenf'Variable .46 .46 - - 

(1. rate upstream " 36 mph) 

Correct Relation - Saihe Variables^ - - ,38* .33* - /^ 

^; (4. rate in still water « iZjnph+ 

'■■f ' rate of current) IS^ 



porrect Question - Same Variable - - 9 - .67* 

I; (5. rate of current - FIND) 

S'r.' ■■. ' ^. ■ - : ' ;■ ' ■'. ^ ' . " " * , ■ . ■ ■ I . " 

Hlodified Question - Different Variable ^ ^ ■ ' ^ .21 ^ 

(5. Vate of boat » FIND) . ' ' ^ 



■ .04 .04 .-62 .25 .12 




ilote. - Asterisk (*) indicates correct answer. 
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Table 6 « ■ ' 

Proportion of Response by Type of Error for Three Numbers in River Problem 





36 


24 


11 


V 


Correct ^ 


. 79* 


.75* 






Different Value " - 


.17" 


. .12 


•Q4 




Omit 


.04 


.12 


■ .17. ■ - 




Note. - Asterisk (*) 


indicates 


correct 


answer. 
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Table 7 

Keywords Used for 16 Problems 



- Experiment 3 



Title 
Mixture 

Work 

Will 

Age 
Frame^ 

Freeway 
Camp Trip 
River 
Store 

\Pipe8 
TV 

Investment 

Fence 
.Airways 
Race 
Coins 



Keywords 



an oil and water solution, another oil and water solution, 
a mixture of the two solutions 

one person working on first part of task, another person 
working on remainder of task 

a person's will, bequest left to one relative, bequest left to 
^another relative, a-peTSon*s estate at time of ^ death 

ages, one person, another person 

rectangular picture, rectangular frame and picture together, 
frame around picture 

first truck leaving one city, second truck leaving another city 

camping trip, hiking to campsite, riding back from campsite 

boat trip upstream, boat trip downstream^ -river current 

one brand of candy, another brand of candy, gi,f t box mix of 
the two candies ' . . 

on^ pipe,^ another pipe, a tank 

cord divided into twa pieces, first part of coifd, second part of 
cord * ' 

investment, part of the mohey^ remainder of the money, annual 
income ' * 

rectangular. lot, chain fencing . - 

airplane trip^ first p*tt of trip, remainder of trip 

car race, first car, second car 

ferry passengers, adult tickets, child tickets 
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PROPOSITIONS (A) 
(n = 68) 



RELATION - 
PROPOSITIONS (R) 
(n=l02) 



QUESTION 
PROPOSITIONS (Q) 
(n=l57) 
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CONVERSION 1% 
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RELATION QUESTION 
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